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METHOD OF MAKING FIBER OPTICAL 
PREFORM WITH PYROLYTIC COATED 

MANDREL 

TECHNICAL FIELD 

This invention relates to methods for making doped 
glass bodies and, more particularly, to methods for 
making optical ?bers having depressed refractive index 
outer claddings. 

BACKGROUND OF THE INVENTION 

Optical ?bers have become increasingly important as 
a medium for transmitting large quantities of informa 
tion in the form of lightwaves. Each optical ?ber com 
prises a thin solid glass cylinder, known as the core of 
the ?ber, surrounded by an outer layer, known as the 
cladding, which has a lower refractive index than the 
core. One way to make such ?ber is to make a glass 
tube, called a substrate tube, and then to vapor-deposit 
glass that will eventually constitute part of the cladding 
and the core on the inner surface of the tube as taught, 
for example, in the US. patent of MacChesney, et al. 
US. Pat. No. 4,217,027 granted Aug. 12, 1980, now 
generally known as the modi?ed chemical vapor depo 
sition (MCVD) technique. After deposition, the entire 
structure is collapsed to make a preform rod, and glass 
drawing techniques are used to form a continuous opti 
cal ?ber from the preform. One way of obtaining the 
required difference of refractive indices is to dope the 
glass that will constitute the cladding layer with ?uo 
rine, which depresses or reduces its refractive index 
with respect to that of undoped glass. 
For large preforms, an oversized core is deposited in 

the substrate tube and the collapsed preform rod is 
inserted into a second tube, called an overclad tube, that 
is collapsed onto the rod. This is the hybrid or “rod 
tube-tube” approach as described, for example, in the 
US. patent of J. W. Baumgart et al., US. Pat. No. 
4,820,322, granted Apr. 11, 1989. One may likewise 
wish to dope such overclad tubes with fluorine to de 
press their refractive indices. 

Fluorine-doped glass tubes for use either as substrate 
tubes or as overclad tubes may be made, ?rst, by depos 
iting glass soot on a mandrel to form a cylindrical po 
rous soot form of glass particulate. Fluorine can be 
introduced as a dopant by adding a fluorine—containing 
gas to the reactant stream of the torch during soot depo 
sition, or by adding a ?uorine-containing gas to the 
furnace atmosphere at a temperature below the consoli 
dation temperature. The deposited porous soot cylinder 
is then consolidated into a glass tube by heating the soot 
cylinder, which is mounted on a mandrel, in a furnace. 
A problem that has been encountered in making fluo 

rine-doped glass tubes is the corrosive damage done to 
the supporting mandrel by the highly reactive ?uorine. 
This is particularly a problem in the consolidation fur 
nace in which the soot cylinder must be supported by a 
mandrel for a suf?cient period of time at a high temper 
ature to permit sintering or consolidation into a glass 
cylinder. Other reactive vapors such as chlorine and 
oxygen also tend to attack the mandrel, which is typi 
cally made of graphite. The damage can cause graphite 
particles to break off and to become entrapped within 
the consolidated glass substrate, reducing the quality of 
the glass. The mandrels are often so badly damaged 
during this process that they cannot be reused. The 
problem of mandrel damage has been recognized for 
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2 
some time, and it can occur during the soot deposition 
process as well as during the consolidation process. 

SUMMARY OF THE INVENTION 

In accordance with the invention, the mandrel that is 
‘used for supporting the soot cylinder during either soot 
deposition or consolidation is coated with a material 
selected from the group consisting of pyrolytic graphite 
and pyrolytic boron nitride. I have found that either of 
these coatings is capable of withstanding the high tem 
peratures of consolidation, is resistant to attack by ?uo 
rine, chlorine and oxygen at the consolidation tempera 
ture, is inert to either doped or undoped silica glass at 
the consolidation temperature, does not contaminate 
the glass, and is amenable to machining. This coating is 
preferably made on a mandrel substrate of solid graph 
ite to which it adheres well under the conditions of use. 
It is preferably deposited on the graphite mandrel by 
chemical vapor deposition to a thickness of between 
about 0.001 inch and about 0.05 inch. The invention is 
particularly bene?cial when used in a closely con?ned 
enclosure for consolidating the soot cylinder within a 
stagnant atmosphere saturated with reactive fluorine 
gas. Use under these conditions is particularly damaging 
to conventional graphite tubes, but such damage is vir 
tually completely obviated through the use of the inven‘ 
tion. 
These and other objects, features and bene?ts of the 

invention will be better understood from a consider 
ation of the following detailed description taken in con 
junction with the accompanying drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a schematic view of apparatus for making a 
soot cylinder, including a coated mandrel which may be 
used in accordance with an illustrative embodiment of 
the invention; 
FIG. 2 is a schematic sectional view of apparatus for 

consolidating the soot cylinder, including a coated man 
drel which may be used in accordance with an illustra 
tive embodiment of the invention; ‘ 
FIG. 3 is a schematic view of apparatus for deposit 

ing glass on the inner surface of a cylindrical substrate 
, tube made by the apparatus of FIGS. 1 and 2; 

FIG. 4 is a schematic view of apparatus for optionally 
adhering an overclad tube to a preform made by the 
apparatus of FIG. 3; 
FIG. 5 is a schematic view of apparatus for drawing 

optical ?ber from a preform made by the apparatus of 
FIGS. l-3 or FIGS. 1-4; 
and FIG. 6 is a sectional view of part of a mandrel 

that may be used with the apparatus of either FIG. 1 or 
FIG. 2. 

DETAILED DESCRIPTION 

It is to be noted that the drawings are only illustrative 
and symbolic of the invention, and the scale or relative 
proportion of the elements shown is not necessarily 
accurate. Further, it is to be noted that the present in 
vention explicitly contemplates both single mode and 
multimode optical ?ber lightguides, regardless of any 
speci?c description in the drawing or example set forth 
herein. FIGS. 1-5 represent sequential steps in a process 
for making optical ?ber within which the invention may 
be used. FIG. 4 represents an optional step in the pro 
duction of such optical ?ber. 
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Referring now to FIG. 1, there is illustrated a known 
method for forming a soot cylinder 11 on a mandrel 12 
which may be used in the optical ?ber making process. 
Gaseous components are mixed in a burner 13 which 
emits a ?ame 14 within which silicon may be reacted to 
form silicon dioxide (silica soot) that is deposited on the 
mandrel to constitute the soot cylinder 11. As is known 
in the art, a silicon-containing gas from a source 16, a 
?uorine-containing gas from a source 17, an oxygen 
containing gas from a source 18 and gaseous fuel from a 
source 19, are combined in the burner or torch for pro 
jection toward the soot cylinder 11. As described, for 
example, in the aforementioned MacChesney et al. pa 
tent and in the paper, "Fabrication of Optical Wave 
Guides by the Vapor Deposition Process,” by P. C. 
Schultz, Proceedings of the IEEE, Vol. 68, No. 10, Octo 
ber, 1980, pps. 1187-1190, any of various gases may be 
used as the silicon-containing, ?uorine-containing, oxy 
gen-containing and fuel gases; e.g., the silicon com 
pound may illustratively be SiCl4, the ?uorine com 
pound may be SiF4, the oxygen may be 02 and the fuel 
may be hydrogen. The purpose of the ?uorine is to 
depress the refractive index of the ?nal glass product. 

After its formation, the soot cylinder 11 (also some 
times known as a soot boule or soot form) is consoli 
dated or sintered within a furnace 21 as shown in FIG. 
2. The soot cylinder is supported by a mandrel 12, 
which may be either the same or different from the 
mandrel 12 of FIG. 1, and a pedestal 25. The furnace, as 
is well known, comprises heating elements 22 which 
may be in the form of a conductive coil or a plurality of 
conductors. It also typically includes a muf?e 23, which 
is a cylinder of refractory material used for maintaining 
the heat balance within the furnace. Prior to consolida 
tion, the soot cylinder is purged by ?owing past it and 
through it helium from a source 27. This ?ow is prefera 
bly shut off during consolidation, illustratively by a 
valve 28. 

In accordance with the copendin g application of T. J. 
Miller et al., Ser. No. 459,605, ?led Jan. 2, 1990, and 
assigned jointly to the assignee company of the present 
application and a subsidiary company thereof, during 
consolidation, the soot cylinder 11 is encased by a gas 
imperrneable encapsulation structure 29 which may be 
of quartz or a similar material that is unlikely to contam 
inate the porous soot cylinder 11. The volume enclosed 
by the encapsulation structure 29 is only slightly larger 
than the volume enclosed by the soot cylinder 11; pref 
erably, the ratio of the volume enclosed by encapsula 
tion structure 29 to the volume enclosed by the soot 
cylinder 11 is 1.4:1 or less (for purposes of this calcula 
tion, the mandrel volume is considered to be part of the 
soot cylinder volume). The purpose of the encapsula 
tion structure 29 is to conf'me ?uorine gases within the 
soot cylinder and to cause the atmosphere surrounding 
the soot cylinder to be stagnant and substantially satu 
rated with ?uorine during consolidation, thereby to 
make a more uniform refractive index pro?le across the 
width of the consolidated glass tube as a consequence of 
a uniform distribution of ?uorine within encapsulation 
structure 29. For a suf?ciently large soot cylinder, the 
furnace muf?e 23 may'act as the encapsulating struc 
ture. 

After the soot cylinder 11 has been consolidated to 
form a solid glass tube, the mandrel 12 is removed and 
the tube is used as a substrate; that is, core material is 
deposited within the tube by the process shown sche 
matically in FIG. 3. Although the tube may directly be 
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4 
used as a substrate tube, preferably the tube is drawn by 
conventional glass drawing techniques to increase its 
length and reduce its diameter prior to its use as a sub 
strate tube. Substrate tube 30 is, of course, ?uorine 
doped glass made by the process of FIGS. 1 and 2. As 
described in more detail in the aforementioned Mac 
Chesney et al. patent, a silicon-containing gas, together 
with an oxygen-containing gas, are introduced onto the 
left end of the tube as shown by arrow 31. A ?ame 32 is 
moved axially along the tube as shown by arrow 33. 
The heat causes silicon to react with oxygen or oxygen 
containing gas to form silicon dioxide particles which 
deposit on the inner wall of the substrate tube down 
stream from the ?ame. The high temperature ?ame 
traverses the area of deposited silica causing consolida 
tion of the particles into a thin glass layer. Several layers 
are deposited in this manner until the desired composi 
tion pro?le and glass thickness are obtained. The depos 
ited silicon dioxide (or silica) particles 35 may be un 
doped or may alternatively be doped (as known in the 
art) so as to have a different refractive index than that of 
undoped glass. Those particles 35 that will become part 

' of the clad layer of the ?ber are typically doped to have 
a different refractive index from those that will become 
part of the core. 

After complete deposition of glass on the interior of 
the substrate tube 30, the substrate tube 30 is collapsed 
into a solid cylindrical preform structure. The outer 
portion of the preform structure conforms in composi 
tion to the substrate tube 30, while the inner portion 
corresponds in composition to the deposited glass 35. 
Optionally, according to the known “rod-in-tube” pro 
cess of aforementioned Baumgart et al. patent, the cy 
lindrical preform structure can be ?tted into a larger 
overclad tube that is then collapsed to make a larger 
preform. Such overclad tube can be made by the pro 
cess illustrated in FIG. 2. Referring to FIG. 4, an over 
clad tube 37 is ?tted over a solid preform cylinder 38. 
An annular torch 39 surrounds the overclad tube and 
heats it to soften it. As the torch is moved in the down 
ward axial direction, it causes the overclad tube 37 to 
collapse on, and bond to, the preform cylinder 38. 

Referring to FIG. 5, after fabrication of the preform 1 
40, which may or may not include the overclad feature 
of FIG. 4, the preform is placed in a furnace 41 which 
heats and softens one end of it such that it may be 
grasped by a tool and drawn in the form of a partially 
molten ?ber 42. The furnace comprises zirconium diox 
ide granules 44 which are surrounded by an rf induction 
coil 45. The coil heats the zirconium dioxide granules, 
which in turn heats the preform 40. More details con 
cerning furnace 41 and the glass drawing process are 
disclosed in the U.S. patent of Andrejco et al., U.S. Pat. 
No. 4,450,333, granted May 22, 1984. By virtue of the 
?uorine doping of the outer or clad layer, the ?ber has 
a lower refractive index in the clad layer than in the 
core, as is required for good lightwave transmission. 

Referring to FIG. 6, there is shown, in accordance 
with the invention, a portion of a mandrel 12 which may 
be used in the apparatus of FIG. 1 and/or FIG. 2. The 
mandrel comprises a central cylindrical substrate por 
tion 47 which is coated with a coating 48, which may be 
composed of either pyrolytic graphite or pyrolytic 
boron nitride. The purpose of the coating 48 is to pro 
tect the mandrel from the corrosive effects of reactive 
gases, particularly ?uorine, in the consolidation furnace 
depicted in FIG. 2. The coating 48 is preferably depos 
ited on a graphite substrate by chemical vapor deposi 



5 
tion, a process that is well known and is described, for 
example, in the book Modern Materials, Advances in 
Development and Applications, edited by Bruce W. Gon 
ser, Academic Press, 1970, Vol. 7, pages 139-158 et seq. 
The coating preferably has a thickness of between about 
0.001 inch and 0.05 inch. The coating should be thick 
enough to withstand the corrosive effects of ?uorine 
during at least one and preferably several operations of 
the consolidation furnace, and in principle the mandrel 
could be solid pyrolytic graphite or pyrolytic boron 
nitride. These materials are quite expensive, however, 
and a thickness of 0.05 inch provides ample protection 
not only from ?uorine, but from chlorine and oxygen, 
which are also reactive at the high temperatures needed 
for consolidation and may be present, albeit to a lesser 
extent than ?uorine. Although only a portion of the 
mandrel is shown in FIG. 6, it is important that the 
entire surface of the mandrel that may be exposed to the 
consolidation furnace environment be coated with the 
protective coating 48. The coating protects against the 
reactive gases, does not in any manner contaminate the 
soot cylinder or the consolidated glass cylinder, and is 
practical to form by machining. 

Since optical ?ber is now a commodity product, it is 
important that the expense associated with this manu 
facture be minimized. If one exceeds a thickness of 0.05 
inch, one would increase the cost of the mandrel and, in 
the case of a boron nitride coating over a graphite sub 
strate, one would incur a thermal mismatch problem, 
i.e., a problem of differential thermal expansion and 
contraction of the coating with respect to the graphite 
substrate. Since the consolidation step shown in FIG. 2 
may be used to make overclad tubes as well as substrate 
tubes, it is important to minimize both the cost and the 
thermal mismatch. 
As shown in FIG. 1, the coated mandrel '12 may also 

be used during the soot deposition step, although the 
problems of corrosion are not as pressing during this 
step because the temperatures are not as high. The tem 
perature used for soot deposition is typically about 
1000° C. while the temperature used during soot consol 
idation is typically l400°-1500° C. Also, the mandrel is 
rapidly coated with layers of soot which tend to isolate 
the mandrel from the oxidizing environment of the 
?ame. FIGS. 1 and 2 show for purposes of illustration 
the same mandrel 12 being used during soot deposition 
as for consolidation. In fact, I have found that it is pref 
erable to use a different mandrel of slightly smaller 
diameter for soot consolidation than for soot deposition. 
With a smaller mandrel, one can establish a three to ?ve 
millimeter gap between the inner surface of the soot 
cylinder and the outer surface of the mandrel during the 
consolidation step of FIG. 2. This small gap will permit 
the circulation of ?uorine to the inner surface of the 
soot cylinder, whereas, without such a gap, the equal 
ization of ?uorine concentration at the inner surface of 
the soot cylinder with respect to all other locations 
within the soot cylinder would be somewhat more diffi 
cult. While the mandrel 12 used in FIG. 1 may be 
graphite coated with pyrolytic boron nitride or pyro 
lytic graphite as described before, I have found that it is 
often satisfactory to use for this purpose a mandrel of 
solid aluminum oxide. Such a mandrel is unsatisfactory 
for use within the consolidation furnace, but at the tem 
peratures used for soot deposition, it is typically satis 
factory. 
Numerous mandrel materials other than pyrolytic 

graphite and pyrolytic boron nitride were tried but 
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were found to be unsatisfactory for use during the con 
solidation step. Aluminum oxide and silicon carbide, for 
example, react at the high consolidation temperatures 
with the silicon dioxide, which damages the mandrel 
and contaminates the consolidated glass. Pyrolytie 
boron nitride and pyrolytic graphite were both found to 
be resistant to attack not only from ?uorine, but from 
chlorine and oxygen, which also may be present in the 
consolidation furnace and are highly reactive at the 
extremely high temperatures used in the furnace. Typi 
cally during the step of purging the soot cylinder with 
helium from source 27, one also includes a small amount 
of chlorine for dehydration purposes. it is dif?cult to 
purge all of the chlorine and any that remains will be 
damaging if any part of the mandrel is capable of react 
ing with it. Likewise, small amounts of oxygen may 
originate from the silicon dioxide glass soot, or may be 
entrapped by the soot and is highly reactive at the high 
consolidation temperature. My experiments have 
shown that the pyrolytic boron nitride and pyrolytic 
graphite coatings are also inertto either doped or un 
doped glass at the consolidation temperature, do not 
contaminate the glass, and are amenable to machining. 
This latter consideration is important for proper sizing 
of the mandrel with respect to the soot cylinder that it 
is to support in the consolidation furnace. 
The various embodiments shown and described are 

intended to be only illustrative of the principles of the 
invention and of the sequence of process steps within 
which it is applicable. For example, materials other than 
graphite may be used for the mandrel substrate. The 
invention may be found to be useful with reactive dop 
ants other than ?uorine. Various other embodiments 
and modi?cations may be made by those skilled in the 
art without departing from the spirit and scope of the 
invention. ' 

I claim: 
1. A method for making optical ?bers comprising the 

steps of: forming a hollow cylinder of ?rst silica soot, 
the cylinder having a central opening; consolidating the 
hollow soot cylinder to form a substrate tube; deposit 
ing second silica on an inner surface of the substrate 
tube; forming a preform by collapsing the coated sub 
strate tube; and drawing optical fiber from the preform, 
characterized by: 

providing a solid mandrel substrate forming a coating 
by chemical vapor deposition the solid mandrel 
substrate to make a coated mandrel; 

the coating being of a material selected from the 
group consisting of pyrolytic graphite and pyro 
lytic boron nitride; 

mounting the hollow soot cylinder on the coated 
mandrel by inserting the coated mandrel into the 
central opening of the soot cylinder; 

and using the coated mandrel to support the hollow 
soot cylinder during the step of consolidating the 
hollow soot cylinder. 

2. The method of claim 1 further characterized in 
that: 

the mandrel substrate comprises solid graphite. 
3. The method of claim 1 further characterized in 

that: 
the coating thickness is between about 0.001 inch and 

about 0.05 inch. 
4. The method of claim 1 further characterized in 

that: 
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the step of forming the hollow cylinder includes the 
step of doping the hollow cylinder with a reactive 
dopant. 

5. The method of claim 4 further characterized in 
that: 

the reactive dopant is ?uorine. 
6. The method of claim 4 further characterized in 

that: 
the ?rst silica soot cylinder has a ?rst reactive index; 
at least part of the second silica has a second refrac 

tive index that is higher than the ?rst refractive 
index; 

and the optical ?ber has a cladding layer, surrounding 
a central core region, which has a lower refractive 
index than that of the core region. 

7. The method of claim 4 further characterized in 
that: 

the step of consolidating the hollow soot cylinder 
comprises the step of enclosing the hollow soot 
cylinder in an encapsulation structure, and thereaf 
ter heating the hollow soot cylinder in a substan; 
tially stagnant atmosphere within the encapsulating 
structure to a sufficient temperature to consolidate 
the soot cylinder. 

8. The method of claim 7 further characterized in 
that: 

the ratio of the volume enclosed by the encapsulating 
structure to the volume of the soot cylinder is less 
than about l.4:l, whereby only a relatively small 
amount of the dopant is diffused into the volume 
enclosed by the encapsulating structure before 
reaching saturation; 

and the consolidating step includes the step of heating 
the soot cylinder to a temperature of about 1400" 
C. to about 1500° C. 

9. The method of claim 8 further characterized in 
that: 

the reactive dopant is ?uorine. 
10. The method of claim 9 further characterized in 

that: 
during the consolidation of the soot cylinder, a suf? 

cient amount of the ?uorine concentration within 
the soot cylinder is released to the volume enclosed 
by the encapsulating structure that the atmosphere 
contained by the encapsulating structure is substan 
tially saturated with ?uorine. 

11. The method of claim 9 further characterized in 
that: 

the step of forming the hollow soot cylinder com 
prises the step of directing a gaseous silicon-con 
taining material and a gaseous ?uorine-containing 
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8 
material through a ?ame toward a second mandrel 
such that silica soot impregnated with ?uorine is 
deposited on the second mandrel. 

12. The method of claim 11 further characterized in 
that: 

the mandrel substrate comprises solid graphite. 
13. The method of claim 12 further characterized in 

that: 
the mandrel coating has a thickness of between about 

‘0.001 inch and about 0.05 inch. 
14. A method for making doped glass comprising the 

steps of: 
forming a coating by chemical vapor deposition on a 

solid mandrel substrate to make a ?rst coated man 

drel; 
"the coating being of a material selected from the 

group consisting of pyrolytic graphite and pyro 
lytic boron nitride; . 

forming a hollow soot cylinder comprising the step of 
directing gaseous silicon-containing material and 
reactive material in a gaseous form through a ?ame 
toward a second mandrel such that silica soot im 
pregnated with the reactive material is deposited 
on the second mandrel; 

removing the hollow soot cylinder from the second 
mandrel; 

mounting the hollow soot cylinder on the ?rst coated 
mandrel by inserting the ?rst coated mandrel into a 
central opening of the soot cylinder; 

and heating the mounted hollow soot cylinder to a 
temperature in excess of about 1400” C. to consoli 
date the soot cylinder to a doped glass cylinder, 
whereby the mandrel is subjected to the reactive 
material at an extremely high temperature. 

15. The method of claim 16 further characterized in 
that: ' 

the mandrel substrate comprises solid graphite. 
16. The method of claim 15 further characterized in 

that: 
the coating thickness is between about 0.001 inch and 

about 0.05 inch. 
17. The method of claim 16 further characterized in 

that: l 

the reactive material is ?uorine. 
18. The method of claim 14 further characterized by: 
using the doped glass cylinder as a substrate tube in 

an MCVD process. 
19. The method of claim 14 further characterized by: 
using the doped glass cylinder as an overclad tube in 

a rod-in-tube process. 
1 l i t 0 
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Y UN'llTED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 
PATENT NO. : 5, 076,824 

DATED I December 31, 1991 

INVENTOR(S) : T. J. Miller 

It is certi?ed that error appears in the above—identi?ed patent and that said Letters Patent 
is hereby corrected as shown below: 

Title Page, In the Abstract, line 2 
after "into" change "anoptica1” to —-an optical-—. 

Column 1, line 38 
change "tube-tube" to ——in-tube—-; 

Column 2, line 26 
after "graphite" change "tubes" to --mandre1s—-. 

Column 3, line 39 
change "copending application" to --U. S. patent-—; 

Column 3, line 40 
change "Ser. No. 459, 605, filed Jan. 2, 1990" to 
--No. 4, 968, 839, granted November 6, 1990.- 

Column 6, line 47 
after "substrate" insert a semicolon and paragraph; 

Column 6, line 48 
after "deposition" insert --on-—. 

Column 8, line 35 
after "claim" change "16" to --14--. 

Signed and Sealed this 

Twenty-second Day of J une, 1993 

Arrest.‘ 

MICHAEL K. KIRK 

AI‘Z‘ESZiIlg O?icer Acting Commissioner of Patents and Trademarks 


